DWI, DCE, and MRSI. However, clear instructions on how to integrate the overall PI-RADS score were lacking. Many studies have hypothesized that the T2-WI, DWI, and DCE protocols make identical contributions. Several authors have calculated a PI-RADS sum score (scale from 3 to 15) by summing the 3 single scores. [2] [3] [4] [5] To address the limitations of v1 and to achieve a globally acceptable standard, the new PI-RADS v2 classification was proposed jointly by ESUR and the American College of Radiology in December 2014. [6] Unlike PI-RADS v1, v2 regulates the classification of final PI-RADS scores. DWI is decisive for evaluating the peripheral zone (PZ) as is T2-WI for the transition zone (TZ). DCE results should be reported as positive when there is early focal enhancement and as negative when there is no early focal enhancement or diffuse enhancement rather than using the curve-type analysis described in PI-RADS v1. DCE plays a subordinate role for the PZ but is needed for the further classification of PI-RADS 3 lesions on DWI. The main difference between a finding with a score of 4 and that with a score of 5 on T2-W and DWI is a diameter <1.5 cm or ≥1.5 cm if there is no evidence of invasive behavior. [7] [8] [9] Since the second version of PI-RADS was introduced, many studies have demonstrated its clinical utility. [10, 11] However, to date, few clinical trials have published data comparing PI-RADS v1 and v2. Therefore, the purpose of our study was to compare the diagnostic performance of v1 and v2 for the detection of prostate cancer (PCa).
Methods

Patients
This retrospective study was approved by the institutional review board, and informed consent was obtained from all patients. We searched our institutional databases to identify consecutive patients who underwent prostate mp-MRI, including all sequences of T2-WI, DWI, and DCE, and those who had a prostate biopsy between June 2013 and July 2015. Initially, 585 patients were identified. Patients were excluded from the study if (1) the patient underwent prior treatment, including hormonal, irradiation, cryotherapy, or surgical therapies (n = 121); (2) previous biopsies were performed within 12 weeks before the MR examination data (n = 35); (3) the clinical data, such as prostate-specific antigen (PSA) serum levels, were incomplete (n = 15); or (4) the MR images were of poor quality due to the presence of hip implants or movement artifacts (n = 13). After exclusions, a total of 401 patients were included in the study population.
Magnetic resonance imaging technique
In our institution, prostate MRI was performed before a transrectal, ultrasound-guided (TRUS) biopsy. The MR images were acquired with a 3.0 T system (MAGNETOM Skyra, Siemens Medical Solutions, Erlangen, Germany) using an 18-element body coil above and a spine coil underneath the pelvis. All examinations included multiplanar T2-W images, axial T1-W images, and axial DW MR images of the prostate with b values of 0, 50, 200, 400, 600, 800, 1000, and 1500 s/mm 2 . Apparent diffusion coefficient maps were reconstructed for qualitative and quantitative assessments of DWI. DCE images were then obtained using a fast three-dimensional (3D) T1-weighted gradient-echo volumetric interpolated breathhold examination (T1-VIBE) in the same plane as the T2-W sequence. DCE images were obtained before, during, and after a fast bolus injection of a paramagnetic gadolinium chelate. The contrast agent was administered using a power injector (Medtron, Saarbruecken, Germany) followed by a 20-ml saline flush injection at a flow rate of 2.5 ml/s. After precontrast dual-flip angle T1 mapping (flip angle = 2°, 15°), multiphase DCE images (35 phases) were obtained every 8 s for 4 min and 44 s without breath holding. Perfusion curves were generated with Tissue 4D commercial software (Siemens Medical Solutions, Erlangen, Germany), which was available on the Siemens Workstation. The technical parameters of the MRI sequences are shown in Table 1 .
Pathologic evaluation
After the MRI examination, all patients underwent a TRUS 12-core template biopsy with cognitive targeting. TRUS-guided prostate biopsy was performed in all the patients within 1-35 (median 10) days. The biopsy was performed by a single experienced urologist with 20 years of experience using an ultrasound system (Hawk 2102, BK Medical, Denmark) equipped with a 5.1 MHz endocavitary probe and a spring-loaded biopsy gun with an 18-gauge core biopsy needle. The prostate was divided into 12 regions (base, middle third, apex, and the most lateral regions of the base, middle third and apex, bilaterally). The biopsy operator also reviewed the MRI reports and attempted to specifically target the lesions using visual registration. Notably, in our institution, a Likert-type 5-point subjective scale system (1 = highly unlikely and 5 = highly likely) was used at the time of initial MRI reporting; each lesion suspicious for neoplasm was described according to its location, size, shape, and signal characteristics, and all prostate MRI reports were verified by a radiologist (Liang Wang) with 15 years of uroradiology experience. Cores were individually labeled according to their location with respect to the biopsy scheme. Histopathological biopsy assessments were performed by an experienced pathologist (Guo-Ping Wang, with more than 10 years of experience) who was blinded to the MRI results. Each sample was histologically analyzed as cancerous or noncancerous, and the histopathological analysis report included the positive core with the respective Gleason grade, presence of benign prostatic hyperplasia, benign prostate tissue, prostatitis, atypical small acinar proliferation, and high-grade prostatic intraepithelial neoplasia.
Image analysis
In this study, two radiologists with 5 and 4 years of experience and a minimum of 1000 prostate MRI readings analyzed the imaging studies in consensus. The reviewers were aware that the patients had been referred for an MRI on the suspicion of PCa; however, the reviewers were blinded to the clinical results and histopathologic findings. To report the location of each lesion, the prostate gland was divided into sixteen regions of interest on the MRI scans. [12] First, all lesions are rated on a scale from 1 to 5 in each of the three MRI sequences (T2-WI, DWI, and DCE) according to PI-RADS v1 [ Table 2 ]. [1] The analysis in the present study was conducted by the patient rather than by prostate sector, and the lesion with the highest sum PI-RADS score for each mp-MRI scan was identified. We then obtained the overall PI-RADS score (1) (2) (3) (4) (5) by classifying the sum score according to the algorithm proposed by Röthke et al. [13] [ Table 3 ]. Next, the readers again scored the lesions according to PI-RADS v2 and generated a PI-RADS score (1-5) [6] [ Tables 4 and 5 ]. Patients were classified as having either TZ or PZ cancer if more than 70% of the cancer volume was in a single zone. [14] Visual examples for PI-RADS v1 and v2 are provided in Figures 1 and 2 . After all MRI readings and subsequent TRUS biopsies were completed, a comparison analysis was performed between the correlated foci on the MRI and the histologic findings.
Statistical analysis
All analyses were patient-based. The Kolmogorov-Smirnov test and Levene's F-test were used to test the normality and equality of variances. The Mann-Whitney U-test was used to compare the differences in baseline characteristics between the malignant and nonmalignant groups. A receiver operating characteristic (ROC) analysis was performed to evaluate the area under the ROC curve (AUC) of the PI-RADS v1 and v2 scoring systems. The AUCs, along with 95% confidence intervals, were compared using Z-test. Differences in sensitivity, specificity, and accuracy between overall v1 and v2 scores were tested using McNemar's test. Two-sided P < 0.05 was considered statistically significant. The statistical calculations were performed using SPSS 19.0 (SPSS, Chicago, IL, USA) and MedCalc version 11.4.2.0 (MedCalc statistical software, Mariakerke, Belgium).
results
Patient characteristics are shown in Table 6 . The mean age of our study population was 64.4 ± 9.0 (standard deviation) years (range, 34-88 years). A total of 150 patients were diagnosed with PCa, of whom 95 were PZ and 55 were TZ.
The mean prostate volumes were 52.26 ml in patients with PCa and 51.59 ml in patients without histologically verified PCa (P = 0.715). The median baseline PSA level was 43.81 ng/ml (range, 1.38-1762.96 ng/ml) for PCa, which was higher than for the nonmalignant group (median, 7.15 ng/ml; range, 0.20-171.6 ng/ml, P < 0.05).
Prostate Imaging Reporting and Data System
The results of the ROC analysis for T2-WI, DWI, and DCE, which were evaluated according to the PI-RADS scoring system as well as the combination of all 3 sequences in a sum score, are shown in Table 7 .
In terms of a single PI-RADS scores, in both PZ and TZ, the AUC was highest for DWI followed by T2-WI and then DCE, with an average AUC of 0.869 for DWI (v1 and v2 had AUCs of 0.860 and 0.877, respectively) compared with 0.842 for T2-WI and 0.791 for DCE. For the PZ, the DWI score provided the highest AUC value, followed by DCE and T2-WI. On average, the AUCs were 0.927 for DWI, 0.816 for DCE, and 0.779 for T2-WI. For the TZ, T2-WI showed a higher AUC than that of DCE and DWI, with an average AUC of 0.961 for T2-WI compared with 0.748 for DCE and 0.714 for DWI.
When we pooled the data from both PZ and TZ, the AUCs were 0.889 for PI-RADS v1 and 0.942 for v2 (P = 0.0001). For the PZ alone, the AUCs were 0.916 for v1 and 0.930 for A 77-year-old male patient with a high prostate-specific antigen (8.995 ng/ml). (a) An axial T2-WI shows a heterogeneous signal in the peripheral zone. This area shows focal hyperintensity in the left peripheral zone (arrows) on the b-1500 s/mm 2 DWI (b) and hypointensity on the apparent diffusion coefficient map (c). On DCE (d), this area shows focal and early enhancement compared to the surrounding tissue. The SI-t curve is Type III (e), and histology confirms prostate cancer (Gleason 3 + 3 = 6) (f). PI-RADS v1 scores: 3 points for T2-WI, 5 points for DWI, and 5 points for DCE, summed score = 13. This corresponds to a PI-RADS score of 5. According to the PI-RADS v2 classification, the area on DWI corresponds to a score of 4 because it is smaller than 1.5 cm and shows a DCE that is "+" (early focal enhancement). Because the lesion is in the peripheral zone, the point value of DWI is significant for the PI-RADS v2 overall score of 4. PI-RADS: Prostate Imaging Reporting and Data System; DWI: Diffusion-weighted imaging; T2-WI: T2-weighted imaging; DCE: Dynamic contrast-enhanced. PI-RADS v1 scores: 4 points for T2-WI, 4 points for DWI, and 4 points for DCE, summed score = 12. This corresponds to a PI-RADS v1 score of 4. According to the PI-RADS v2 classification, the areas on T2-WI and DWI correspond to a score of 5 because they are larger than 1.5 cm and show a DCE that is "+" (early focal enhancement). Because the lesion is in the transition zone, the point value of T2-WI is significant for the PI-RADS v2 overall score of 5. PI-RADS: Prostate Imaging Reporting and Data System; DWI: Diffusion-weighted imaging; T2-WI: T2-weighted imaging; DCE: Dynamic contrast-enhanced. ROC analysis was performed to determine the cutoff value that optimized the sensitivity, specificity, and accuracy for PCa detection [ 
dIscussIon
There are some key differences between v1 and v2. [6] [7] [8] 11, 15, 16] First, in v2, MRSI is no longer recommended for a PI-RADS assessment, with mp-MRI consisting only of T2-WI, DWI, and DCE. In contrast, v1 considers MRSI to be an optional technique. Second, in v2, the acquisition of high b-value images is recommended, utilizing a b-value of at least 1400 s/mm 2 , whereas v1 recommends using ≥800 s/mm 2 as the high b-value series for interpretation. Third, subtle changes have been made to the 5-point scoring systems for T2-WI findings in the PZ and TZ and for the DWI findings. DCE has changed from a 5-point scale to being classified as either "positive" or "negative." In v1, it should be noted that the DCE score is very complex because it combines a 3-point score for three distinct curve types along with the focality and asymmetry of a finding to create a 5-point score. Most importantly, in v1, no recommendation is given on how to integrate the single scores for each sequence to calculate an overall score for a lesion.
Since the PI-RADS v1 scoring system was published in 2012, it has been evaluated in many studies. [17, 18] In these previous studies, the sequence of T2-WI, DWI, and DCE was considered to have equal discriminatory power, and a sum score was used to integrate the individual scores for each sequence into an overall score for a lesion. [19] [20] [21] [22] However, in v2, the concept of a "dominant sequence" was introduced. DWI is the key sequence for the PZ, and T2-WI predominates in the TZ. Details are provided on how to assign the final PI-RADS v2 score. In this study, we reported a single PI-RADS v1 score per patient on a 1-5 scale. Based on recommendations by Rothke et al., [13] we added the individual scores to determine a total sum score and grouped it into five classes: PI-RADS scores of 3 and 4 were Class 1; 5 and 6 were Class 2; 7-9 were Class 3; 10-12 were Class 4; and 13-15 were Class 5.
In this study, we compared the diagnostic performance of v1 and v2. Summed PI-RADS v1 and v2 scores both showed good capability in cancer detection with a diagnostic accuracy of 0.80. The diagnostic accuracy increased from 0.82 to 0.88 with the use of v2 compared with v1 for all patients in our study cohort. The diagnostic accuracy values for the detection of TZ PCa were 0.81 for v1 and 0.92 for v2. The summed PI-RADS v2 outperformed v1 in the assessments of the TZ, and the two zones together and exhibited similar sensitivity, specificity, and accuracy in the assessment of the PZ. Our results indicate that diagnostic performance depends on cancer location. Our study is in accordance with other studies [5, 23] that showed that DWI was the most effective method for identifying cancer in the PZ whereas T2-WI was more effective for tumors in the TZ. Literature comparing v2 and v1 is sparse. Polanec et al. reported that v2 appears to be the preferable method for evaluating the TZ whereas v1 performed better in the PZ. [24] Their findings are in accordance with our study and in that v2 shows improved performance in the TZ compared with v1. In contrast, our study indicates that v1 and v2 have a comparable diagnostic value in the PZ whereas their findings showed that v1 performed better in the PZ and that the v1 approach should be used in PZ lesions. Another study by Kasel-Seibert compared v1 and v2 in ≥3 lesions and reported higher diagnostic accuracy using v2; however, the lesions were not analyzed separately based on the PZ and TZ. [25] These findings are of importance because v2 appears to improve TZ lesion classification, which is considered problematic to differentiate. Further study is required to determine v2 compared with v1 in classifying PZ lesions.
There are several limitations to the present study. The first is the use of a TRUS biopsy as the standard of reference due to the lack of whole-mount pathology slides after a radical prostatectomy. In China, PSA screening is not common, and the majority of patients are found to have high-grade PCa when diagnosed and are past the opportunity for a radical prostatectomy. [26] The majority of our study population with PCa had locally advanced disease, with Gleason score (GS) ≥4 + 3 comprising more than two-thirds of the cases and half of the patients with T3 + T4, which is likely to inflate the sensitivity because most institutions have predominantly GS 3 + 3 and 3 + 4 disease. [2, 27] The second limitation is the spatial consistency between the MRI and the histopathological findings. A TRUS biopsy may be responsible for false-negative results if the tumor is small. In this study, we used MRI to direct the TRUS biopsy and focused primarily on the highest PI-RADS score. This patient-by-patient analysis, which did not include a per-region analysis, can partially obviate this problem. [28, 29] Despite the limitations of our study, we believe that our methodical strategies provide sufficient validity for the principal results of our study.
In conclusion, PI-RADS v1 and v2 both performed well in tumor detection. PI-RADS v1 was somewhat less effective than v2 in the assessment of the TZ. The revised PI-RADS v2 should be studied further.
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